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Abstract
Hernia is one of the most common complications post any laparotomy. Various tech-
niques are used for the repair of incisional hernias. Hernioplasty with synthetic materials 
is worldwide standard, and indications to the simple suture methods are rare. Mini-
invasive techniques for hernia repair have become popular since 1990 and carry many 
advantages. Some incisional hernias have a very large hernia sac with large loss of fascia, 
which makes an exclusive laparoscopic approach challenging. Moreover, some patients 
are found to have very dense adhesions, which makes laparoscopic approach unsafe, and 
almost impossible necessitating conversion from laparoscopic to open surgery. Then, the 
process is carried on until the safe implantation of mesh into abdominal cavity becomes 
possible. This has led to the birth of what is known as the hybrid technique for incisional 
hernia repair (laparoscopy, conversion, laparotomy, laparoscopy). Patients with large, 
complicated, and recurrent incisional hernias should primarily be qualified to hernio-
plasty with the hybrid technique, which combines the conventional open repairs (safe 
adhesiolysis, safe placement of laparoscopic tools into the abdominal cavity, closing the 
defect) with laparoscopic repair (intraperitoneal mesh placing).
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1. Introduction
Postoperative hernia is the most common complication of abdominal surgery and a big prob-
lem in clinical practice. Incisional hernias complicate in 2–20% of laparotomies and depend 
on wound complications during the postoperative period, the type of surgical technique, the 
method used to close the abdomen, and many factors connected with the patient (age, ele-
vated body mass index, general condition) [1, 2]. High rate of recurrence in 20–50% of patients 
after the primary repair of a defect is another problem [3, 4]. Many complications after open 
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operation and technical progress, associated with innovations in synthetic materials which 
are covered by anti-adhesive substance of the ventral side, lead to the development of laparo-
scopic surgery [5, 6]. This method offers many advantages: minimal pain, shorter stay in the 
hospital, quicker return to activities, and the ability to identify additional defects in abdomi-
nal wall [7, 8]. However, the problem of recurrence after incisional hernia repair still exists, 
and its incidence rate ranges between 1.8 and 10% [9].
As the hernias have become more complex, the management strategy has evolved as well. In 
some difficult cases, defects are very large, and then even after laparoscopic repair, patients 
are unhappy because of cosmetic appearance of their wound. Moreover, sometimes mini-
invasive repair of complicated postoperative hernia is not so easy to perform due to massive 
adhesions after the primary operations which are especially dangerous during placing lapa-
roscopic tools into abdominal cavity. Some surgeons are convinced that it is worth to combine 
the two techniques, open and laparoscopic, to maximize benefits of both methods.
2. Surgical technique
Hybrid incisional repair can be performed by two techniques.
2.1. Standard combined laparoscopic technique
Fascial defect is exposed via incision over the previous surgical scar and hernia sac incised 
to access into the abdomen (Figures 1 and 2). Afterward during the next step of laparotomy, 
extensive and safe adhesiolysis can be ensured; reduction of the hernia sac (Figure 3) and 
proper placement of the laparoscopic trocars under direct vision are the other steps. Finally, 
the mesh can be laid into the peritoneal cavity (under the fascia defect) (Figure 4). Some 
researchers use Prolene sutures to fixate the mesh [10]. Then, mesh material is left in the abdo-
men, and fascial defect was primarily closed.
Figure 1. Recurrent hernia with thin overlying skin after laparotomy and the primary suture repair complicated by 
wound infection.
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Figure 2. Removal of surgical scar.
Figure 3. Prepared hernia sac.
Figure 4. The mesh placed into abdominal cavity.
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The next step is the laparoscopic part of the procedure, intraperitoneal placement of the mesh 
after the reduction of the intraperitoneal pressure to 7–8 mm Hg. The mesh should have 
appropriate size, covering the actual hernia size edges for at least 5–7 cm, and then it is lapa-
roscopically fixed with transfascial stay stitches (Protac, AbsorbaTack, or CapSure) (Figure 5). 
Desufflation and skin sutures finish the procedure (Figure 6).
In case of large incisional hernia where primary closure of fascial defect is impossible, authors 
enlarge the abdominal wall surface by modified component separation technique. The dissec-
tion of adhesions between the peritoneum and small bowels is needed until rectus muscles 
are entirely exposed. The skin is elevated and dissected from the anterior surface of the rectus 
sheath to the exposure of external abdominal oblique muscles by 5 cm (Figure 7). At 2 cm, lateral 
from rectus sheath, the aponeurosis of the external abdominal oblique muscle is longitudinally 
Figure 6. Early postoperative view.
Figure 5. The mesh fixated laparoscopically.
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transected (Figure 8), superiorly to the level of costal margin and inferiorly to the symphysis 
pubis. By releasing bilateral external abdominal oblique muscle attachment, a gap of 7–10 cm 
between rectus abdominis muscles could be bridged at the waistline [11]. Closure of abdominal 
wall defect can be achieved using continuous running sutures. Suction drains placed at the 
subcutaneous space are necessary. The laparoscopic part is the same as mentioned above.
2.2. Combined technique with early conversion
The procedure starts with entering the peritoneal cavity by using a Veress needle, an open 
Hasson method, or an optical trocar allowing the view of the abdominal wall layers during 
penetration. The authors prefer the Veress needle entered under the left costal margin—the 
left upper quadrant as space where the least adhesions are expected. Three trocars are used, 
one 10 mm trocar and two 5 mm trocars, which are placed as laterally as possible on the 
abdominal wall, so they are at an adequate distance from the hernia orifice. The next step 
Figure 7. Dissection of the skin from anterior surface of rectus sheath.
Figure 8. The transection of the aponeurosis of external abdominal oblique muscle.
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of the operation is adhesiolysis. The adhesions in the abdomen are lysed using an electro-
cautery, an ultrasonic scalpel, or scissors. No cauterization should be done that may injure 
the bowel wall. Perforation of the intestine is the most serious injury associated with laparo-
scopic ventral hernia repair [12]. Thus, in selected cases, if extensive adhesiolysis is deemed 
to be particularly hazardous for enterotomy, the conversion should be done and division 
of omental and bowel adhesions to the anterior abdominal wall is performed through lapa-
rotomy. Other causes of conversion are bigger size of the fascial defect than it was primary 
expected but which was impossible to repair during laparoscopic procedure only, lack of 
progression of operation, and intraoperative bleeding. The authors analyzed the causes of 
conversion based on 237 patients primarily qualified to hernia repair with the IPOM proce-
dure in our department between 2008 and 2016. In case of 27 patients (11.4%) from a group of 
237 patients, it was necessary to change surgical approach from laparoscopic to open surgical 
approach. Respective causes of conversion are presented in Table 1.
Performance of open, safe adhesiolysis or repair of injuries is essential for graduating to 
another step of the procedure. Placement of the mesh into the abdominal cavity, closing the 
fascial defect and laparoscopic fixation of the mesh, should progress the same as in case of 
standard combined laparoscopic technique.
3. Indications for the hybrid technique
There are no objectively defined selection criteria of treatment of incisional hernias, but we 
selected some rules which may find helpful in making treatment decisions.
In our concept, hybrid surgical approach can be dedicated to patients with large, difficult 
incisional hernias, where extensive, dense adhesions are expected (e.g., patients with two or 
more recurrences of hernia, patients with history of successful treatment of gastrointestinal-
cutaneous fistulas, patients after many laparotomies—three or more). Moreover, it may be 
prudent to offer hybrid repair for particularly large incisional hernias, where transverse sepa-
ration of the fascial edges is >8–10 cm.
Causes of conversion n-237 (%)
Massive adhesions 4.6
Injury of small bowel during adhesiolysis 3
Injury of small bowel during trocar placement 1.3
Size of defect (too large to repair during laparoscopy) 1.3
Lack of progression of operation 0.9
Intraoperative bleeding 0.4
Table 1. Causes of conversion during IPOM procedure based on 237 cases.
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4. Contraindications for the hybrid technique
Obese patients (with BMI > 35 kg/m2) should be primarily qualified to laparoscopic hernia 
repair which gives them more benefits than the hybrid technique (e.g., less infection compli-
cations, earlier recovery).
Patients with giant incisional hernia with loss of abdominal domain are the most challenging 
ones and require an individual preoperative treatment. Loss of domain (LOD) occurs when 
an abdominal wall defect progresses to a size at which it may no longer accommodate the vis-
cera, leading to protrusion outside of the abdominal wall and into the hernia sac [13]. Hernia 
defect area can be calculated from cross-sectional imaging using computed tomography (CT), 
and hernia sac volume (HSV) and peritoneal cavity volume (CV) are obtained from preopera-
tive CT measurements. If the calculated volume ratio (VR = HSV/CV) is larger than 25%, loss 
of domain is observed [14]. In these cases the individual preoperative treatment includes pul-
monary training, an installation of a pneumoperitoneum, or an implantation of an expander 
system to achieve a relaxation and stretching of the skin and muscles as well [15].
5. Postoperative complications
Complications after hybrid approaches to incisional hernia repair span a wide range of severi-
ties. To do it more comprehensibly, they were divided into early and long-term complications.
5.1. Early postoperative complications
Early postoperative complications are revealed during the operation or not longer than 
30 days after the operation. Some of postoperative complications are composed of those 
common to all general surgery, for example, thromboembolism and superficial surgical site 
infection, and are typically managed no differently [16]. Unique to recovery from hernia sur-
gery however can be increased pain after mesh placement, seroma related to large dissection 
planes, infections of the mesh, as well as pulmonary insufficiency due to changes or loss in 
abdominal domain.
An inadvertent enterotomy is a serious complication of adhesiolysis. Adhesions to the abdomi-
nal scar represent a significant problem during hybrid repair, with the risk of bowel injury 
around the neck of the hernia during dissection. Rudmik et al. [17] in their review calculated 
an overall risk of enterotomy of 2.1% when the laparoscopic approach is the first step of hybrid 
repair. Injury of a hollow organ is a very serious event and should be recognized and treated 
immediately. An incidental enterotomy may occur during initial trocar placement or may 
result from adhesiolysis. Two strategies are available to deal with such a situation. One option, 
which is particularly attractive when there is no enteric spillage, is to suture the perforation and 
proceed with hybrid repair, in conjunction with copious saline lavage of the peritoneal cavity 
and intravenous antibiotics. The second option is to complete adhesiolysis and repair the bowel 
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injury but to delay mesh placement (i.e., perform a “staged repair,” within a fairly short inter-
val), in order to optimize bacterial clearance and minimize the risk of infection [18]. Colonic 
injury is a more serious concern; there is no substantial evidence base to guide decision-making. 
The optimal strategy in case of enteric injury needs to be decided on a case-by-case basis. A 
safe option, particularly if laparotomy has been undertaken because of the bowel injury, is to 
perform simply a suture repair of the hernia and accept that the risk of mesh infection has been 
exchanged for a higher risk of hernia recurrence. If the enterotomy remains unnoticed, it may 
result in an acute abdominal condition and sepsis within a few hours after surgery.
Authors have experiences based on 61 patients who underwent hybrid hernia repair in our 
department between 2008 and 2016. They were divided into two groups. Group 1 (n = 34) 
identifies patients operated with standard combined laparoscopic technique, whereas group 
2 (n = 27) labels combined technique with early conversion. Both groups were compared in 
terms of early complications and shown in Table 2.
Serious complications include mesh infections and enterocutaneous fistula involving mesh, 
as well as the rare, but highly morbid mesh. Complications such as these likely require revi-
sional surgery for resolution. Then, in our opinion, complete removal of the mesh is required, 
as well as drainage of subcutaneous surface and intravenous antibiotics.
Early postoperative abdominal pain is a fairly regular feature of the hybrid repair. In our 
concept, it is usual to anticipate a comfortable patient at 24–72 h after operation and remain 
within 6–7 on the Visual Analogue Scale. Mesh fixation with titanium tacks plays a key role 
in the development of acute postoperative pain. Conceptually, a 4-mm-long tack would be 
expected to penetrate only 2 mm into the abdominal wall, after allowing 1 mm for the thick-
ness of the mesh and another 1 mm for the tack profile that projects on the surface of the mesh. 
Thus, in obese patients, the tack may be restricted to the extraperitoneal fat without purchase 
Postoperative early complications Group 1 (n = 34) Group 2 (n = 27)
Enterotomy during initial trocar or Veress needle placement 0 3
Enterotomy during laparotomy 1 1
Enterotomy during adhesiolysis 5 7
Injury of the bladder 1 0
Acute postoperative pain 6 8
Surgical site infection 6 8
Enterocutaneous fistula 2 0
Mesh infection 2 1
Small bowel tied up into 12 mm trocar defect 1 0
Left part of mesh fixing system 1 0
Total 25 28
Table 2. Postoperative early complications in both groups.
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into the muscle. This theory explains why acute postoperative pain is the most frequently 
observed in young, slim females. Furthermore, some studies show that the use of multiple 
transparietal sutures is largely related to a perceived association with increased postoperative 
pain, perhaps due to muscular ischemia or entrapment neuropathy [19].
Patients with acute pain are initially treated with anti-inflammatory medications and continu-
ous infusion of opioids during 24–48 h after hernia repair.
5.2. Long-term postoperative complications
Long-term complications are revealed more than 30 days after the operation and include 
chronic pain, chronic mesh infections, and enterocutaneous fistula involving mesh and her-
nia recurrence.
Chronic pain is defined as pain lasting more than 3 months. Evidence reveals that chronic 
pain is most likely multifactorial with an incidence ranging from 1 to 7% [20]. Major factors 
that have been identified as possible etiologies include the technique of mesh fixation. The 
authors’ group noted severe postoperative pain with the use of a large number of tacks. Initial 
nonoperative management of chronic pain with oral analgesics and anti-inflammatory medi-
cations is the most conservative approach, but local injection of anesthetic and even mesh 
excision may be required.
Patients with complications carry a higher risk of developing a hernia recurrence. Most recur-
rences occur after mesh removal for postoperative infection. Some researchers found significant 
associations between recurrence and larger hernias, longer operative times, previous hernia 
repairs, morbid obesity, and higher complication rates [21]. Several studies compare open and 
laparoscopic approach in incisional hernia repair. These studies have not shown significant dif-
ferences in recurrence rates for laparoscopic and open incisional hernia repair. Contrary to pre-
vious studies that reported recurrence rates up to 20% with mesh repair, there are some studies 
showing exceptionally low recurrence rates varying between 0 and 5% [22–24]. Only single-
center reports show results of hybrid technique of incisional hernia repair based on a small 
group of patients and with a short follow-up periods (from 12 to 63 months). During these 
follow-up periods, no hernia recurrences occurred [25, 26]. Our results, although from a single 
institution, are based on average follow-up period of 27 months (3–96 months). Recurrence 
revealed in four patients including one case after biologic mesh implantation.
Long-term postoperative complications in authors’ studied groups are shown in Table 3.
Long-term complications Group 1 (n = 34) Group 2 (n = 27)
Hernia recurrence 2 2
Chronic pain 2 4
Total 4 6
Table 3. Long-term complications in both groups.
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The surgical treatment of incisional hernia has changed rapidly during the last decade with 
the increasing use of mesh technique and the introduction of laparoscopy. However, many 
questions concerning mesh type, mesh positioning, fixation method, and operation type still 
remain unanswered. Patients with incisional hernia are a heterogeneous population with 
patient-specific comorbidity and innate differences (e.g., collagen formation quality). This 
makes the choice of the technique most suitable for each patient even if it is more difficult.
The authors’ retrospective study including 61 patients with large incisional hernias treated 
with hybrid technique has shown that the hybrid technique is an effective method confirmed 
by a low rate of recurrence. However, the hybrid technique is a complicated surgical method. 
Perfect knowledge of anatomy of the abdominal wall is required from a surgeon as well as 
expertly employed of open and laparoscopic surgical approach. Moreover, long-term multi-
center studies comparing the results of hybrid technique are needed to establish its efficacy. 
For the time being, it is considered a good alternative to its open-only counterpart, at least in 
experienced hands.
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